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US 8,763,701 B2 
1. 

WINDOW OINT FOR LATERAL WELLBORE 
CONSTRUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation application of co-pending applica 
tion Ser. No. 13/113,747, entitled Window Joint for Lateral 
Wellbore Construction and Method for Opening Same, filed 
May 23, 2011. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates, in general, to equipment utilized in 
conjunction with operations performed in Subterranean wells 
and, in particular, to a window joint for lateral wellbore con 
struction and a method for opening same. 

BACKGROUND OF THE INVENTION 

Without limiting the scope of the present invention, its 
background will be described in relation to forming a window 
in a casing String for a multilateral well, as an example. 

In multilateral wells it is common practice to drill a branch 
or lateral wellbore extending laterally from an intersection 
with a main or parent wellbore. Typically, once the casing 
string is installed and the parent wellbore has been completed, 
a whipstock is positioned in the casing string at the desired 
intersection and then a rotating mill is deflected laterally off 
of the whipstock to form a window through the casing side 
wall. 
Once the casing window is created, the lateral wellbore can 

drilled. In certain lateral wellbores, when the drilling opera 
tion has been completed, a casing string is installed in the 
lateral branch. Casing the lateral branch may be accom 
plished with the installation of a liner string that is supported 
in the main wellbore and extends a desired distance into the 
lateral wellbore. Once the lateral casing string is installed and 
the lateral wellbore has been completed, it may be desirable to 
reestablish access to the main wellbore. In Such cases, a 
rotating mill may be use to form an access window through 
the lateral casing sidewall. 

It has been found, however, that the milling process used to 
form the lateral window and the main wellbore access win 
dow usually produces a large amount of debris, such as Small 
pieces of the metal casing, which accumulate in the parent 
wellbore. This debris may make the whipstock difficult to 
retrieve after the milling process is completed. In addition, 
even after the whipstock is retrieved, the debris may cause 
other problems, such as plugging flow control devices, dam 
aging seals, obstructing seal bores, interfering with passage 
of equipment past the intersection and the like. 

Accordingly, a need has arisen for an improved system and 
method of opening windows in the casing strings during 
multilateral wellbore construction. In addition, a need has 
arisen for Such an improved system and method that does not 
require the use of a mill that generates wellbore debris during 
multilateral wellbore construction. 

SUMMARY OF THE INVENTION 

The present invention disclosed herein is directed to sys 
tems and methods of using a window joint in a casing string 
for lateral wellbore construction. The systems and methods of 
the present invention do not require the use of a mill to open 
the window, thereby reducing the wellbore debris generated 
during lateral wellbore construction. 
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2 
In one aspect, the present invention is directed to a window 

joint for lateral wellbore construction. The window joint 
includes a tubular member that is operable to be intercon 
nected within a tubular string. A window is formed in the 
tubular member. The window is defined by at least one score 
line that creates a preferentially weaken region within the 
tubular member enabling internal removal of the window in a 
predictable manner without generating wellbore debris. 

In one embodiment, the at least one score line is formed in 
the window joint prior to installing the window joint in the 
tubular string. In another embodiment, the at least one score 
line is formed in the window joint after installing the window 
joint in the tubular string. In one embodiment, the at least one 
score line is formed on an interior surface of the tubular 
member. In another embodiment, the at least one score line is 
formed on an exterior surface of the tubular member. In a 
further embodiment, the at least one score line includes at 
least one score line formed on an interior surface of the 
tubular member and at least one score line formed on an 
exterior surface of the tubular member. In some embodi 
ments, the at least one score line includes a plurality of lon 
gitudinally extending score lines. In other embodiments, the 
at least one score line includes a plurality of circumferentially 
extending score lines. In certain embodiments, a tab extends 
radially inwardly from an interior surface of the window. In 
other embodiments, a tab may be formed in the window 
downhole. In either embodiment, the tab is operably eng 
agable with a window removal tool to enable internal removal 
of the window. Preferably, the window has a circumferential 
width up to about 170 degrees. 

In another aspect, the present invention is directed to a 
system for opening a window in lateral wellbore construction. 
The system includes a window joint that is operable to be 
interconnected within a casing string. The window joint has a 
window that is formed therein. The window is defined by at 
least one score line that creates a preferentially weaken region 
within the window joint enabling internal removal of the 
window in a predictable manner without generating wellbore 
debris. A window removal tool is operable to be run in the 
casing string and operably engagable with the window Such 
that actuation of the window removal tool internally removes 
the window from the window joint, thereby opening the win 
dow. 

In one embodiment, the window removal tool includes an 
anchor assembly, a power assembly and an operating tool. 
The anchor assembly is operable to secure the window 
removal tool in the casing string. The power assembly is 
operable to provide movement to the operating tool. The 
operating tool is operably engagable with the window. In this 
embodiment, the power assembly may be a mechanically 
operated power assembly, an electrically operated power 
assembly, a hydraulically operated power assembly, hydro 
statically operated power assembly or the like. In certain 
implementations, the power assembly is operable to provide 
longitudinal movement to the operating tool. In other imple 
mentations, the power assembly is operable to provide rota 
tional movement to the operating tool. 

In a further aspect, the present invention is directed to a 
method for opening a window in lateral wellbore construc 
tion. The method includes interconnecting a window joint 
within a casing String, the window joint having a window 
formed therein defined by at least one score line that creates a 
preferentially weaken region within the window joint 
enabling internal removal of the window in a predictable 
manner, installing the casing string in a wellbore, running a 
window removal tool in the casing String, operatively engag 
ing the window removal tool with the window, actuating the 
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window removal tool and internally removing the window 
from the window joint with the window removal tool, thereby 
opening the window. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the features and 
advantages of the present invention, reference is now made to 
the detailed description of the invention along with the 
accompanying figures in which corresponding numerals in 
the different figures refer to corresponding parts and in which: 

FIG. 1 is a schematic illustration of an offshore platform 
during the opening of a window in a casing string for lateral 
wellbore construction according to an embodiment of the 
present invention; 

FIG. 2 is a schematic illustration of a well system depicting 
the opening of a window in a casing string for lateral wellbore 
construction according to an embodiment of the present 
invention; 

FIG.3 is a quartersectional view of a latch coupling for use 
during the opening of a window in a casing string for lateral 
wellbore construction according to an embodiment of the 
present invention; 

FIG. 4 is a quarter sectional view of a latch assembly for 
use during the opening of a window in a casing string for 
lateral wellbore construction according to an embodiment of 
the present invention; 

FIG. 5A is a cross sectional view of a window joint having 
a window according to an embodiment of the present inven 
tion; 

FIG. 5B is an enlarged view of a section of a window joint 
having a window according to an embodiment of the present 
invention; 

FIG. 6A is a cross sectional view of a window joint having 
a window according to an embodiment of the present inven 
tion; 

FIG. 6B is an enlarged view of a section of a window joint 
having a window according to an embodiment of the present 
invention; 

FIG. 7A is a cross sectional view of a window joint having 
a window according to an embodiment of the present inven 
tion; 

FIG. 7B is an enlarged view of a section of a window joint 
having a window according to an embodiment of the present 
invention; 

FIGS. 8A-8C are cross sectional views of a window joint 
during the opening of a window in a casing string for lateral 
wellbore construction according to an embodiment of the 
present invention at various stages of the window removal 
process; 

FIG. 9 is a cross sectional view of a window joint having a 
window removed therefrom according to an embodiment of 
the present invention; and 

FIGS. 10A-10C are cross-sectional views of a window 
joint during the opening of a window in a casing string for 
lateral wellbore construction according to an embodiment of 
the present invention at various stages of the window removal 
process. 

DETAILED DESCRIPTION OF THE INVENTION 

While the making and using of various embodiments of the 
present invention are discussed in detail below, it should be 
appreciated that the present invention provides many appli 
cable inventive concepts which can be embodied in a wide 
variety of specific contexts. The specific embodiments dis 
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4 
cussed herein are merely illustrative of specific ways to make 
and use the invention, and do not delimit the scope of the 
present invention. 

Referring to FIG. 1, an offshore oil and gas platform per 
forming a window opening operation in a casing string for 
lateral wellbore construction is schematically illustrated and 
generally designated 10. A semi-submersible platform 12 is 
centered over Submerged oil and gas formation 14 located 
below sea floor 16. A subsea conduit 18 extends from deck 20 
of platform 12 to wellhead installation 22, including blowout 
preventers 24. Platform 12 has a hoisting apparatus 26 and a 
derrick 28 for raising and lowering pipe strings Such as drill 
string 30. A main wellbore 32 has been drilled through the 
various earth Strata including formation 14. The terms “par 
ent” and “main wellbore are used herein to designate a 
wellbore from which another wellbore is drilled. It is to be 
noted, however, that a parent or main wellbore does not nec 
essarily extend directly to the earth's surface, but could 
instead be a branch of yet another wellbore. A casing string 34 
is cemented within main wellbore 32. The term “casing is 
used herein to designate a tubular string used to line a well 
bore. It is to be noted, however, that a casing may actually be 
of the type known to those skilled in the art as a “liner” that is 
hung from the casing thereabove and may be made of any 
material. Such as Steel or composite material and may be 
segmented or continuous, such as coiled tubing. 
The casing string 34 includes a window joint 36 of the 

present invention interconnected therein. As illustrated, win 
dow joint 36 is positioned at a desired intersection between 
main wellbore 32 and a branch or lateral wellbore to be 
subsequently drilled. The terms “branch” and “lateral well 
bore are used herein to designate a wellbore which is drilled 
outwardly from its intersection with another wellbore, such as 
a parent or main wellbore. A branch or lateral wellbore may 
have another branch or lateral wellbore drilled outwardly 
therefrom. Window joint 36 includes a window 38 that is 
preferable defined by internal score lines, external score lines 
or both that create a preferentially weakened region within 
window joint 36 to enable removal of window 38 in a pre 
dictable manner without generating wellbore debris. As 
described below, window 38 may be a preformed window, 
wherein the score lines are formed in window joint 36 prior to 
interconnecting window joint 36 within casing string 34 and 
installing window joint 36 in wellbore 32. It is to be under 
stood by those skilled in the art, however, that window 38 may 
be formed in window joint 36 after interconnecting window 
joint 36 within casing string 34 and installing window joint 36 
in wellbore 32 without departing from the principles of the 
present invention. 

Disposed within casing string 34 is a window removal tool 
40 that has been run in wellbore 32 on the end of a conveyance 
depicted as drill string 30. Depending on the type of window 
removal tool used, the conveyance could alternatively be 
coiled tubing including composite coiled tubing, electric line, 
wireline or the like. Window removal tool 40 may be 
mechanically operated, electrically operated, hydraulically 
operated, hydrostatically operated or the like. In a mechani 
cally operated embodiment of window removal tool 40, drill 
string 30 may be used to generate the required longitudinal 
force or rotational torque to open and remove window 38. In 
an electrically operated embodiment of window removal tool 
40, a downhole electrical motor powered by a surface or 
downhole source of electricity may be used to generate the 
required longitudinal force or rotational torque to open and 
remove window 38. In a hydraulically operated embodiment 
of window removal tool 40, a pressurized fluid from a surface 
source or downhole fluid reservoir may be used to generate 
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the required longitudinal force or rotational torque to open 
and remove window 38. In a hydrostatically operated 
embodiment of window removal tool 40, the pressurized fluid 
source of the wellbore may be used to generate the required 
longitudinal force or rotational torque to open and remove 
window 38. Additionally, window removal tool 40 may use 
combinations of the listed operational modes to open and 
remove window 38. 
As one example, window removal tool 40 may include 

Some or all of the components of the downhole force genera 
tor described in U.S. Pat. No. 7,051,810, which is assigned to 
Halliburton Energy Services, Inc., and which is incorporated 
by reference herein for all purposes. In Such an embodiment, 
window removal tool 40 may includes a power assembly such 
as a downhole power unit for generating the force required to 
remove window 38, an anchorassembly for securing window 
removal tool 40 in casing string 34 and an operating tool for 
interacting with and removing window 38. 
A particular implementation of the downhole power unit 

includes an elongated housing, a motor disposed in the hous 
ing and a sleeve connected to a rotor of the motor. The sleeve 
is a rotational member that rotates with the rotor. A moveable 
member such as moveable shaft is received within the 
threaded interior of the sleeve. Operation of the motor rotates 
the sleeve which causes the moveable shaft to move longitu 
dinally. Accordingly, when the downhole power unit is lon 
gitudinally secured within casing 34 and the moveable mem 
ber is operably associated with window 38, a longitudinal 
force is applied to the operating tool which opens window 38. 
Alternatively or additionally, the moveable member could 
operate as a rotational member Such that torque is transmitted 
between the operating tool and window 38. 

Preferably, a microcontroller is used to control the opera 
tion of the downhole power unit. The microcontroller is 
operationally connected to the downhole power unit to actu 
ate movement of the moveable member when desired. In one 
embodiment, the microcontroller includes a microprocessor 
which operates under control of a timing device and a pro 
gram stored in a memory. The program in the memory 
includes instructions which cause the microprocessor to con 
trol the downhole power unit. The microcontroller operates 
under power from a power Supply which can be at the Surface 
of the well or, preferably, contained within the downhole 
power unit. For a particular implementation, the power Source 
provides the electrical power to both the motor of the down 
hole power unit and the microcontroller. When the downhole 
power unit is at the target location, the microcontroller com 
mences operation of the downhole power unit as pro 
grammed. For example, with regard to controlling the motor 
that operates the sleeve receiving the moveable member, the 
microcontroller sends a command to energize the motor to 
rotate the sleeve in the desired direction to either extend or 
retract the moveable member at the desired speed or rotate the 
moveable member at the desire speed and torque. One or 
more sensors monitor the operation of the downhole power 
unit and provide responsive signals to the microcontroller. 
When the microcontroller determines that a desired result has 
been obtained, it stops operation of the downhole power unit. 

Even though FIG. 1 depicts the present invention in a 
vertical section of the main wellbore, it should be understood 
by those skilled in the art that the present invention is equally 
well suited for use in wellbores having other directional con 
figurations including horizontal wellbores, deviated well 
bores, slanted wellbores, lateral wellbores and the like. 
Accordingly, it should be understood by those skilled in the 
art that the use of directional terms such as above, below, 
upper, lower, upward, downward, uphole, downhole and the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
like are used in relation to the illustrative embodiments as 
they are depicted in the figures, the upward direction being 
toward the top of the corresponding figure and the downward 
direction being toward the bottom of the corresponding fig 
ure, the uphole direction being toward the surface of the well 
and the downhole direction being toward the toe of the well. 
Also, even though FIG. 1 depicts the present invention oper 
ating from an offshore floating platform, it should be under 
stood by those skilled that the present invention is equally 
well suited for operating from a fixed offshore platform or 
during onshore operations. 

Referring now to FIG. 2, a well system depicting the open 
ing of a window in a casing string for lateral wellbore con 
struction of the present invention is schematically depicted 
and generally designated 50. In the illustrated embodiment, 
casing string 34 includes a latch coupling 52. As explained in 
further detail below, latch coupling 52 preferably has a unique 
profile including a plurality of preferential circumferential 
alignment elements that is operable to receive a latch assem 
bly therein and locate the latch assembly in a particular cir 
cumferential orientation. 

Casing string 34 also includes a window joint 54 that has a 
preformed window 56. Preformed window 56 is defined by an 
internal score line 58 that creates a preferentially weakened 
region within window joint 54 to enable removal of pre 
formed window 56 in a predictable manner without generat 
ing wellbore debris. Disposed within casing string 34 is a 
window removal tool 60 that has been run in wellbore 32 on 
the end of a conveyance depicted as drill string 30. In the 
illustrated embodiment, window removal tool 60 includes a 
latch assembly 62, a power assembly 64 and an operating tool 
66. 

Latch assembly 62 preferably has a unique outer profile 
that is operable to engage with the unique inner profile and 
preferential circumferential alignment elements of latch cou 
pling 52. When latch assembly 62 operably engages with 
latch coupling 52, operating tool 66 will be located within 
casing string 34 relative to window joint 54 and preformed 
window 56 such that operating tool 66 opens and removes 
preformed window 56 from window joint 54 when power 
assembly 64 is operated. Power assembly 64 provides the 
power required to remove preformed window 56 from win 
dow joint 54 when latch assembly 62 operably engages with 
latch coupling 52. As described above, power assembly 64 
may be mechanically operated, hydraulically operated, elec 
trically operated, hydrostatically operated or the like so long 
as power assembly 64 is operable to provide Sufficient longi 
tudinal force or rotational torque to operating tool 66. Oper 
ating tool 66 operably engages with preformed window 58, as 
described below, such that suitable longitudinal force or rota 
tional torque provided by power assembly 64 enables oper 
ating tool 66 to open and remove preformed window 56 from 
window joint 54. 

Referring next to FIG. 3, one embodiment of a latch cou 
pling operable for use with a window removal tool for lateral 
wellbore construction of the present invention is depicted and 
generally designated 100. Latch coupling 100 is representa 
tive of latch coupling 52 depicted above; however, as dis 
cussed above, each latch coupling will have a unique inner 
profile and preferential circumferential alignment elements 
that are different from that of other latch couplings to enable 
selective engagement with a matching or mating outer profile 
of the desired latch assembly. Accordingly, latch coupling 
100 is described herein to illustrate the type of elements and 
combination of elements that can be used to create any num 
ber of unique profiles as contemplated by the present inven 
tion. 
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Latch coupling 100 has a generally tubular body 102 and 
may be coupled to other tools or tubulars such as casing string 
34 via threaded connections 104, 106. Latch coupling 100 
includes an internal profile 108 including a plurality of axially 
spaced apart recessed grooves 110a-110h that extend circum 
ferentially about the inner surface of latch coupling 100. 
Preferably, recessed grooves 110a-110h extend about the 
entire circumferential internal surface of latch coupling 100. 
Internal profile 108 also includes an upper groove 112 having 
a lower square shoulder 114 and an upper angled shoulder 
116. Internal profile 108 further includes a lower groove 118 
having a lower angled shoulder 120 and an upper angled 
shoulder 122. 

Internal profile 108 also has a plurality of preferential 
circumferential alignment elements depicted as a plurality of 
slots disposed within the inner surface of latch coupling 100. 
In the illustrated embodiment, there are four sets of two slots 
that are disposed in different axial and circumferential posi 
tions or locations within the inner Surface of latch coupling 
100. For example, a first set of two slots or recesses 124a, 
124b (collectively recesses 124) are disposed within the inner 
surface of latch coupling 100 at substantially the same cir 
cumferential positions and different axial positions. A second 
set of two slots or recesses 126a, 126b (collectively recesses 
126) are disposed within the inner surface of latch coupling 
100 at substantially the same circumferential positions and 
different axial positions. A third set of two slots or recesses 
128a, 128b (collectively recesses 128) are disposed within 
the inner surface of latch coupling 100 at substantially the 
same circumferential positions and different axial positions. 
A fourth set of two slots or recesses 130a, 130b (collectively 
recesses 130) are disposed within the inner surface of latch 
coupling 100 at substantially the same circumferential posi 
tions and different axial positions. 
As shown, recesses 126 are disposed within the inner sur 

face of latch coupling 100 at a ninety degree angle circum 
ferentially from recesses 124. Likewise, recesses 128 are 
disposed within the inner surface of latch coupling 100 at a 
ninety degree angle circumferentially from recesses 126. 
Finally, recesses 130 are disposed within the inner surface of 
latch coupling 100 at a ninety degree angle circumferentially 
from recesses 128. Preferably, recesses 124, 126, 128, 130 
only partially extend circumferentially about the internal sur 
face of latch coupling 100. 

Profile 108 including the preferential circumferential 
alignment elements creates a unique mating pattern operable 
to cooperate with an external key profile associated with a 
desired latch assembly to axially and circumferentially 
anchor and orient a window removal tool in a particular 
desired circumferential orientation relative to the window 
joint of the casing string. The specific profile of each latch 
coupling can be created by varying one or more of the ele 
ments or parameters thereof. For example, the thickness, 
number and relative spacing of the recessed grooves can be 
altered, the axial and circumferential spacing of the preferen 
tial circumferential alignment elements can be altered, the 
axial and circumferential thickness of the preferential cir 
cumferential alignment elements can be altered, the number 
of preferential circumferential alignment elements can be 
altered and the like. 

Referring next to FIG. 4, an anchorassembly depicted as a 
latch assembly operable for use with a window removal tool 
for lateral wellbore construction of the present invention is 
depicted and generally designated 150. Latch assembly 150 
includes a latch housing 152 may be coupled to other tools or 
tubulars such a power assembly via threaded connections 
154, 156. Latch housing 152 has a plurality of elongated 
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8 
openings 158 formed therethrough. A plurality of spring 
operated keys 160 extend through elongated openings 158. 
Keys 160 are radially outwardly biased by Belleville springs 
162, 164 that urge conical wedges 166, 168 under keys 160 
from above and below. Alignment between keys 160 and 
openings 158 as well as appropriate spacing between keys 
160 are maintained by latch housing 152, which also limits 
the outward displacement keys 160. 
The anchoring and orienting functions of latch assembly 

150 with a latch coupling having the appropriate mating 
profile are performed by engagement between external pro 
files 170 formed on each of the keys 160 and inner profile and 
preferential circumferential alignment elements formed in 
the latch coupling. Different profiles 170 are formed on keys 
160 of latch assembly 150, to correspond to different radial 
portions of the inner profile and preferential circumferential 
alignment elements formed in the latch coupling. When latch 
assembly 150 is disposed within the corresponding latch cou 
pling, profiles 170 on keys 160 initially engage the inner 
profile and thereby prevent further longitudinal displacement 
of latch assembly 150 relative to the latch coupling. Latch 
assembly 150 is then rotated within the latch coupling, until 
each of the profiles 170 engages the corresponding preferen 
tial circumferential alignment elements formed in the latch 
coupling, thereby preventing further rotational displacement 
of latch assembly 150 relative to the latch coupling. Latch 
assembly 150 includes a central bore 172 which allows fluids 
and other tools or tubulars to pass therethrough. 

Referring now to FIGS. 5A-5B, a window joint for use in 
lateral wellbore construction is schematically illustrated and 
generally designated 200. Window joint 200 is a tubular 
member 202 that is threadably interconnectable within a cas 
ing string. Window joint 200 has a preformed window 204 
that is defined by a score line 206. As illustrated, score line 
206 is formed in the interior surface of window joint 200 such 
that preformed window 204 extends circumferentially 
approximately 170 degrees. Even though preformed window 
204 has been described as having a particular circumferential 
width, it should be understood by those skilled in the art that 
a preformed window in a window joint of the present inven 
tion may have other circumferential widths both greater than 
or less than 170 degrees. As best seen in FIG. 5B, score line 
206 is depicted as a V-shaped recess 208 that is etched, scored 
or otherwise formed into the inner surface of tubular member 
202 creating preferential weakening of window joint 200 for 
removal of preformed window 204. The depth of recess 208 
will determine the force required to remove preformed win 
dow 204 from window joint 200. Additionally, window joint 
200 includes a circumferential protrusion or tab 210 disposed 
proximate a circumferential portion of score lines 206 that 
extends inwardly from the inner surface of preformed win 
dow 204. Tab 210 is designed for engagement with an oper 
ating tool of a window removal tool of the present invention. 
The orientation of score line 206 as well as the orientation of 
tab 210 enable opening and removal of preformed window 
204 with a force applied toward the central axis of window 
joint 200 and preferably a force applied in the uphole direc 
tion. 

Referring now to FIGS. 6A-6B, a window joint for use in 
lateral wellbore construction is schematically illustrated and 
generally designated 220. Window joint 220 is a tubular 
member 222 that is threadably interconnectable within a cas 
ing string. Window joint 220 has a preformed window 224 
that is defined by score lines 226, 228. As illustrated, score 
line 226 is formed in the interior surface of window joint 220 
and score line 228 is formed in the outer surface of window 
joint 220 such that preformed window 224 extends circum 
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ferentially approximately 170 degrees. As best seen in FIG. 
6B, score lines 226, 228 are depicted as V-shaped recesses 
230, 232 that are etched, scored or otherwise formed into the 
surface of tubular member 222 creating preferential weaken 
ing of window joint 220 for removal of preformed window 
224. The depth of recesses 230, 232 will determine the force 
required to remove preformed window 224 from window 
joint 220. Additionally, window joint 220 includes a circum 
ferential protrusion or tab 234 disposed proximate a circum 
ferential portion of score lines 226 that extends inwardly from 
the inner surface of preformed window 224. Tab 234 is 
designed for engagement with an operating tool of a window 
removal tool of the present invention. The orientation of score 
lines 226, 228 as well as the orientation of tab 234 enable 
opening and removal of preformed window 224 with a force 
applied toward the central axis of window joint 220 and 
preferably a force applied in the uphole direction. 

Referring now to FIGS. 7A-7B, a window joint for use in 
lateral wellbore construction is schematically illustrated and 
generally designated 240. Window joint 240 is a tubular 
member 242 that is threadably interconnectable within a cas 
ing string. Window joint 240 has a preformed window 244 
that is defined by a score line 246. As illustrated, score line 
246 is formed in the interior surface of window joint 240 such 
that preformed window 244 extends circumferentially 
approximately 170 degrees. Window joint 240 further 
includes score lines 248, 250, 252 that extend substantially 
longitudinally along the inner Surface of tubular member 242. 
As best seen in FIG. 7B, score line 246 is depicted as 
V-shaped recess 254. Likewise, score lines 248,250, 252 may 
be V-shaped recesses such as the V-shaped recess 256 illus 
trated for score line 252. Score lines 246, 248, 250, 252 are 
etched, scored or otherwise formed into the surface of tubular 
member 242 creating preferential weakening of window joint 
240 for removal of preformed window 244. The depth of the 
recesses will determine the force required to remove pre 
formed window 244 from window joint 240. Additionally, 
window joint 240 includes a longitudinal protrusion or tab 
(not illustrated) disposed proximate a longitudinal portion of 
score line 246 that extends inwardly from the inner surface of 
preformed window 244. The tab is designed for engagement 
with an operating tool of a window removal tool of the present 
invention. The orientation of score lines 246,248,250,252 as 
well as the orientation of the tab enable opening or removal of 
preformed window 244 with a torque applied toward the 
central axis of window joint 240. 

Referring now to FIGS. 8A-8C, a window joint for use in 
lateral wellbore construction is schematically illustrated and 
generally designated 300. Window joint 300 is a tubular 
member 302 that is threadably interconnectable within a cas 
ing string. Window joint 300 has a preformed window 304 
that is defined by a score line 306. As illustrated, score line 
306 is formed in the interior surface of window joint 300 such 
that preformed window 304 extends circumferentially 
approximately 170 degrees. Window joint 300 further 
includes additional score lines, such as score line 308, that 
extend Substantially circumferentially along the inner Surface 
of tubular member 302 that reduce the force required to open 
and remove preformed window 304. Positioned within win 
dow joint 300 is a window removal tool 310, only a bottom 
portion of which is illustrated. Window removal tool 310 
preferably includes an anchoring assembly (not pictured) 
such as the latch assembly described above that longitudi 
nally and rotationally secures window removal tool 310 
within the casing string. Window removal tool 310 also 
includes a power assembly 312 such as that described above 
for generating alongitudinal force. Window removal tool 310 
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further includes an operating tool 314 that operably engages 
with tab 316 of preformed window 304 via rotatable member 
318. 

In operation, once window removal tool 310 is secured 
within the casing string such that operating tool 314 is located 
relative to preformed window 304, power assembly 312 is 
actuated to generate a longitudinal force. The longitudinal 
force operates on operating tool 314 shifting a piston or sleeve 
therein which causes rotational movement of rotatable mem 
ber 318. When rotatable member 318 has engaged with tab 
316, as best seen in FIG. 8A, further rotational movement of 
rotatable member 318 causes preformed window 304 to tear 
apart from window joint 300 along score line 306, as best seen 
in FIG. 8B. Further rotational movement of rotatable member 
318 and longitudinal uphole movement of operating tool 314 
causes preformed window 304 to open along score line 306, 
as best seen in FIG. 8C, creating window 320 in window joint 
300. Thereafter, window removal tool 310 is released from 
the casing string and retrieved to the Surface with preformed 
window 304. 

Alternatively, as best seen in FIG.9, after rotatable member 
318 has engaged with tab 316 and caused preformed window 
304 to tear apart from window joint 300 along score line 306, 
as best seen in FIG. 8B, operating tool 314 may be released 
from preformed window 304 and retrieved to the surface. 
Thereafter, a deflector assembly 322 may be installed within 
the casing string or was preinstalled within the casing string 
Such that a fishing tool 324 may be engaged with the upper 
portion of preformed window 304 to complete the opening 
process and retrieve preformed window 304 to the surface. 

Referring now to FIGS. 10A-10C, a window jointforusein 
lateral wellbore construction is schematically illustrated and 
generally designated 400. Window joint 400 is a tubular 
member 402 that is threadably interconnectable within a cas 
ing string. Window joint 400 has a preformed window 404 
that is defined by a score line 406. As illustrated, score line 
406 is formed in the interior surface of window joint 400 such 
that preformed window 404 extends circumferentially 
approximately 170 degrees. Window joint 400 further 
includes additional score lines, such as score line 408, that 
extend Substantially longitudinally along the inner Surface of 
tubular member 402 that reduce the force required to open 
and remove preformed window 404. Positioned within win 
dow joint 400 is a window removal tool 410. Window removal 
tool 410 preferably includes an anchoring assembly (not pic 
tured) such as the latch assembly described above that longi 
tudinally and rotationally secures window removal tool 410 
within the casing string. Window removal tool 410 also 
includes a power assembly 412 such as that described above 
for generating a rotational torque, only a shaft 414 of power 
assembly 412 being visible. Window removal tool 410 further 
includes an operating tool 416 that operably engages with tab 
418 of preformed window 404 via arm member 420. 

In operation, once window removal tool 410 is secured 
within the casing string such that operating tool 416 is located 
relative to preformed window 404, power assembly 412 is 
actuated to generate a rotational torque. The rotational torque 
operates on operating tool 416 which causes rotational move 
ment of arm member 420. When arm member 420 has 
engaged with tab 418, as best seen in FIG. 10A, further 
rotational movement of arm member 420 causes preformed 
window 404 to tear apart from window joint 400 along score 
line 406, as best seen in FIG. 10B. Further rotational move 
ment of arm member 420 causes preformed window 404 to 
open along score line 406, as best seen in FIG. 10C, creating 
window 422 in window joint 400. Thereafter, window 
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removal tool 410 is released from the casing string and 
retrieved to the surface with preformed window 404. 

While this invention has been described with reference to 
illustrative embodiments, this description is not intended to 
be construed in a limiting sense. Various modifications and 
combinations of the illustrative embodiments as well as other 
embodiments of the invention will be apparent to persons 
skilled in the art upon reference to the description. It is, 
therefore, intended that the appended claims encompass any 
Such modifications or embodiments. 

What is claimed is: 
1. A window joint for lateral wellbore construction, the 

window joint comprising: 
a tubular member operable to be interconnected within a 

tubular string: 
a preformed window formed in the tubular member, the 

preformed window defined by at least one score line that 
creates a preferentially weakened region within the 
tubular member enabling internal removal of the pre 
formed window in a predictable manner, the at least one 
Score line having at least one section extending circum 
ferentially about a portion of the tubular member and at 
least one section extending longitudinally about a por 
tion of the tubular member; and 
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a generally radially extending tab disposed on an interior 

surface of the preformed window, the tab having a first 
Surface that is operably engagable with a window 
removal tool to enable internal removal of the preformed 
window, the tab having a second surface that is oppo 
sitely disposed from the first surface and is defined by at 
least a portion of the at least one score line. 

2. The window joint as recited in claim 1 wherein the at 
least one score line further comprises at least one score line 
formed on an exterior surface of the tubular member. 

3. The window joint as recited in claim 1 wherein the at 
least one score line further comprises at least one score line 
formed on an interior surface of the tubular member and at 
least one score line formed on an exterior surface of the 
tubular member. 

4. The window joint as recited in claim 1 wherein the at 
least one score line further comprises a plurality of longitu 
dinally extending score lines. 

5. The window joint as recited in claim 1 wherein the at 
least one score line further comprises a plurality of circum 
ferentially extending score lines. 

6. The window joint as recited in claim 1 wherein the 
preformed window has a circumferential width up to about 
170 degrees. 


